The FCAL collaboration is preparing large scale prototypes of special calorimeters to be used in the very forward region at a future linear electron positron collider for a precise and fast luminosity measurement and beam-tuning. These 
Introduction
In the future linear collider detectors the forward region is instrumented with two low angle electromagnetic calorimeters, denoted hereafter as LumiCal and BeamCal. The Luminosity Calorimeter (LumiCal) precisely counts the number of Bhabha events and enables the measurement of the luminosity spectrum 5 using the acollinearity angle of Bhabha scattering [1] . The Beam Calorimeter assembled with dedicated FE and ADC ASICs for LumiCal and for BeamCal have been built. In this paper, results of the LumiCal performance following 15 tests in a mixed particle and in an electron beam are reported.
Testbeam instrumentation
During 2014 and 2015, the FCAL collaboration has successfully commissioned and operated, in the T9 experimental area at the CERN PS facilities and in the 21 beam line area at the DESY II Synchrotron, the first Lumi-
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Cal multi-layer prototype. A multi-plane module with four sensor planes was investigated in a mixed particle and in an electron beam. Different detector configurations were used during the testbeams, with the active sensor layers always separated by one or two absorber layers. In order to enable the particle track reconstruction, a multilayer tracking detector, so-called telescope, was developed by the Aarhus University. The telescope utilizes the Mimosa26 chips, a MAPS with fast binary readout [2] . 2 scintillators were placed upstream and downstream the telescope and one, with a 9 mm diameter circular hole, was placed just before the last telescope plane. The DUT (LumiCal detector prototype), was prepared using four detector planes always 45 separated by two absorber layers as shown in Figure 4 . The complex mechanical structure developed by CERN allows to install the tungsten absorber or active sensor layer with a precision of a few tens of micrometers. A fully assembled detector plane is shown in Figure 5 [3]. The prototype system consists of a silicon sensor covered by kapton fanout and front-end electronics. Due to high A crucial point in the measurements was the synchronization between the data acquired with the detectors under investigation and that of the tracker.
Testbeam at CERN
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The latter was used to measure the local detection efficiency and evaluate the level of cross-talk between neighboring pads as function of the particle impact The aim of the test beam was to fully equipped four silicon sensors and installed these sensors in between two tungsten planes, namely within one mm.
We modified the read out kapton foil including two 130 pin connectors (Fig-80 ure 10) so we will be able to read all the pads of a sensors. The high voltage was originally injected from on the 3.5 mm PCB but to cope with the one mm, we designed a thin high voltage kapton foil as shown in the Figure 9 . In order to mechanically support the sensor and the two kapton foils, we designed an envelope, which should also fit within 1 mm. We used two different techniques to produce the envelope: 3D printing and carbon fiber. It appears that the 3D printed envelop is not rigid enough so we finally choose the carbon fiber option, which allows thickness of 200 µm and a good rigidity. The whole detector (see Figure 11 including the carbon fiber, the two kapton foils and the sensor) thickness was measured in different positions around 90 900 µm. An important effort has been realized on the gluing layers thickness and on the wire bonding loop size: some tools have been developed in order to be able to apply glue layers of 20 to 30 µm. We developed an expertise to maintain the wire bonding loop size around 50 µm.
In order to read all the pads of each sensor (128 channels) we used the APV25 
Results
The testbeam campaigns were done to investigate the performance of the 110 calorimeter prototype. Data were taken for different pads and also for regions covering pad boundaries. The impact point on the sensor is reconstructed from the telescope information. Using a color code for the signals on the pads the structure of the sensor becomes nicely visible, as seen in Figure 13 . During 
Conclusions
Data taken in tests beam were processed using various algorithms to in- 
